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BACKGROUND OF THE INVENTI ON 
Fl ELD OF THE INVENTI ON 

o The present invention relates to a liquid crystal 

O 

m di sp I ay de vi ce, and mo r e p ar t i cu la r I y to an im pr ove men t in 

l=i 

ft! th e a I i gnmen t f i I m o f the I i qu i d c ryst a I di spl ay de v ic e. 
W BACKGROUND ART 

For example, an active matrix type of liquid crystal 

It; 

*f display device includes pixel areas provided on a liquid- 

yj 

JJ crystal-side surface of either one of transparent substrates 
di sp ose d in opp os i ti on to ea ch oth e r w i th a I i qu i d c ry st a I 
i n te r po s ed therebetween, eac h o f t h e p i xe I a re as be i ng an area 
surrounded by gate signal lines disposed to be extended in 
the x direction and to be juxtaposed in the y direction and 
drain signal lines disposed to be extended in the y direction 
and to be juxtaposed in the x direction. 

Each of the pixel areas includesaswitchingelement to 
be driven by a gate signal from a gate signal line disposed 
on one side of the pixel area, and a pixel electrode to be 
supplied with a video signal via the switching element from 
a drain signal linedisposed onanothersideof the pixel area, 



II! 
O 

W 



and the pixel electrode is arranged to generate an electric 
field across the liquid crystal between the pixel electrode 
an d a c oun te r e le c tr od e. 

One type of liquid crystal display device is known in 
wh ic h its co unt er el ec t ro des are f o rme d on its t r an spa re n t 
substrate on which its pixel electrodes are formed, so that 
the optical transmissi vity of its liquid crystal is 
controlled by electric fields generated between the counter 
electrodes and the pixel electrodes (this mode is called 
In-Plane-Switching Mode). This type of liquid crystal 
display device serves the advantage of enabling a user to 
ob se rve an i mag e t hr ou gh a w i d e vi ew i n g ang I e re I at i ve to i ts 
liquid crystal display surface. 

In addition, another type of liquid crystal display 
device is known in which either one of its pixel electrode 
and its counter electrode is formed in a layer underlying an 
insulating film and is formed of a transparent conductive 
layer, while the other is formed in a layer overlying the 
insulating film and is formed of an electrodehavingapattern 
formed to be superposed on the one and to be extended in one 
direction an d j ux t ap os ed in a d i re c t io n t ra nsv er s e to the one 
direction. This type of liquid crystal display device serves 
the advantage that the aperture ratio of its pixels can be 
im pr o ve d . 

However, the liquid crystal display device constructed 
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in this manner has the problem that electric charges remain 
near the electrodes and image retention easily occurs. 

The existence of the remaining electric charges is 
considered to be due to various causes, and there is a 
phenomenon which is called ionic image retention. In the 
ionic image retention, when a liquid crystal display device 
is driven, ion components (organic ions, inorganic ions) that 

O exist in its liquidcrystal locally bias electric charges, 

€3 

€i and this fact becomes the cause of image retention. 

flJ In such ionic image retention, for example when a 

U 

W bl ac k-a nd-wh i te p a tt er n i s d is p lay ed on the I i qu i d c ry st a I 

f?. di sp 1 ay su rf ace for se ver a I mi nute s , i mag e per si s te nee occurs 

f| and causes the phenomenon that even if the image is switched 

% to another image, the previous image remains. 

SUMMARY OF THE I N V EN T I ON 

The invention has been made in view of the above- 
described problem, and provides a liquid crystal display 
device in which the occurrence of ionic image retention can 
be r est rai ne d. 

Th e out I in e of a rep re sen tat iv e as pect of the in v en t ion 
disclosed herein will be described below in brief. 

A liquid crystal display device according to the 
invention includes, for example, substrates disposed in 
opposition to each other with a liquid crystal being 
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interposed therebetween, a pixel electrode formed in each 
pixel area on a I iqu id-crystal-sid e surface of one of the 
substrates, a counter electrode which generates an electric 
field between itself and the pixel electrode, and alignment 
films disposed in contact with the liquid crystal on the 
liquid-crystal-side surfaces of the respective substrates. 
The liquid crystal has a positive or negative dielectric 
H anisotropy, and each of the alignment films is made of a 

2 material containing a diamine structure which traps ionic 

,§*== 

m impu r i t i es . 

§=* 

if! In the liquidcrystal displaydeviceconstructed in this 

CI manner, it has been confirmed that the alignment films have 

O the nature of absorbing (trapping) ionic impurities, whereby 

m 

gj it is possible to greatly restrain the occurrence of image 
retention due to the ionic impurities. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a c ro ss -se ct i on a I view of one embodiment of 
a liquid crystal display d ev ice according to the invention 
and shows a c ro ss -se ct i on a I view taken along line l-l of Fig. 
3; 

Fig. 2 is a view showing the equivalent circuit of the 
embodiment of the liquid crystal display device according to 
th e i nv e nt ion; 

Fig. 3 is a plan view showing one embodiment of a pixel 
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of the liquid crystal display device according to the 
inventi on; 

Fig. 4 is a c ro ss -se ct i on a I view taken along line IV-IV 
of Fig. 3; 

Fig. 5 is a c ro ss -se ct i on a I view taken along line V- 
V of Fig. 3; an d 

Fig. 6 is an explanatory view showing the manner of 
concentration of electric fields near an electrode, which 
ca us es i ma ge re te n ti on . 

DETA I LED DESCRI PT ION OF THE INVENT ION 

An embodiment of a liquid crystal display device 
according to the invention will be described below with 
reference to the accompanying drawings. 

«Eq u iv a le nt Ci rc u i t » 

Fig. 2 is an equivalent circuit diagram showing one 
embodiment of a liquid crystal display device according to 
th e i nv ent io n. Fig. 2 is a ci rcui t d i agr am wh ic h is dep i cted 
in ac co r da nc e w i t h the ac t ua I geom e t r i cal I ayo ut of the I i quid 
cr ys tal di sp I ay d evi ce . 

In Fig. 2, there is shown a transparent substrate SUB1. 
This transparent substrate SUB 1 is disposed in opposition to 
another transparent substrate SUB2 with a liquid crystal 
interposed therebetween. 

Formed on a I iqui d-c rysta l-s ide surface of the 
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transparent substrate SUB 1 are gate signal lines GL which are 
disposed to be extended in the x direction and to be jux t aposed 
in the y direction as viewed in Fig. 2 and drain signal lines 
DL which are insulated from the gate signal lines GL and are 
disposed to be extended in the y direction and to be jux t aposed 
in the x direction as viewed in Fig. 2. Rectangular areas 
ea ch of wh ic h is sur ro und ed by adj acen t one s of the gate signal 
lines GL and adjacent ones of the drain signal lines DL 
J constitute pixel areas, respectively, and a display part AR 
k| is formed by an aggregation of these pixel areas. 

yi Formed in each of the pixel areas are a thin film 

s 

q transistor TFT to be driven by the sup ply of a scannings ignal 

Uj 

O (voltage) from one of the adjacent gate signal lines GL, and 

m 

S3 a pixel electrode PX to which a video signal (voltage) is to 

flJ 

be s upp I ie d f ro m o ne of the ad j ace n t d r ai n s ig na I I i ne s D L 
via the thin fi Im transistor TFT. 

A capacitance element Cstg is formed between the pixel 
electrode PX and the other of the adjacent gate signal lines 
GL so that when the thin film transistor TFT is turned off, 
a video signal supplied to the pixel electrode PX is stored 
for a long time by the capacitance element Cstg. 

The pixel electrode PX in each of the pixel areas is 
arranged to generate electric fields between the pixel 
electrode PX and a counter electrode CT formed on the 
transparent substrateSUBI, and the optical transmissivity 
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of the liquid crystal between the pixel electrode PX and the 
counter electrode CT is controlled by the ones of those 
el ec trie fields that have components approximately parallel 
to the transparent substrate SUB1. 

The counter electrodes CT formed in each group of pixel 
areas disposed to be juxtaposed in the x direction are 
connected in common to one another by a respective one of the 

¥' counter voltage signal lines CL, and the counter voltage 

G 

signal line CL for each of the groups of the pixel areas is 
supplied with a reference signal which serves as a reference 

W 

fZ fo r a video signal to be supplied from a terminal CTM. 

m 



O 
O 

m 
□ 



One end of each of the gate signal lines GL is formed 
to be extended to one side (in Fig. 2, the left-hand side) 
of the transparent substrate SUB1 , and the extended portion 
is formed as a terminal part GTM which is connected to bumps 
of a semiconductor integrated circuit GDRC made of a vertical 
scanning circuit mounted on the transparent substrate SUB1. 
In addition, one end of each of the drain signal lines DL is 
formed to be extended to one side (in Fig. 2, the top side) 
of the transparent substrate SUB1, and the extended portion 
is f o rm ed as a te rmi na I part DTM which is conn ec t ed to bump s 
of a semiconductor integrated circuit D DR C made of a video 
signal driver circuit mountedonthe transparent substrate 
SUB1 . 

The semiconductor integrated circuits GDRC and DDRC in 
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themselves are completely mounted on the transparent 
substrate SUB1 by a te c hn i qu e w h i c h is called CO G (chipon 
gl as s). 

The input-side bumps of each of the semiconductor 
integrated circuits GDRC and DDRC are respectively connected 
to terminal parts GTM2 and DTM2 formed on the transparent 
substrate SUB1. These terminal parts GTM2 and DTM2 are 

E respectively connected via individual interconnection layers 

p 

j5 to terminal parts GTM3 and DTM3 which are disposed in the 

U 

pj pe r i phe r al p o rt io ns of th e t ra n spa r e nt su bs t ra te SU B 1 th a t 
jUI are respectively closest to different side edges of the 
Q transparent substrate SUB1. 

O The transparent substrate SUB2 is disposed in 

ill 

O op po s i t i on to t he tr an spa r en t s ubs t r at e SUB 1 in s uc h a manner 

ft! 

as to avoid an area in which the semiconductor integrated 
circuits DDRC and GDRC are mounted, and the area of the 
transparent substrate SUB2 is smal ler than that of the 
transparent substrate SUB1. 

The transparent substrate SU B2 is secured to the 
transparent s ub st r at e S UB 1 by a sealing material SL formed 
in the periphery of the transparent substrate SUB2, and this 
sealing material SL also has the function of sealing the 
liquid crystal between the transparent substrates SUB1 and 
SUB2 . 

Incidentally, the above description has referred to a 
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liquid crystal display device of the type which uses a COG 
method, but the invention can also be applied to a liquid 
crystal display device of the type which uses a TCP method. 
The TCP method is to form a semiconductor integrated circuit 
by a tape carrier method, and the output terminals of the 
semiconductor integrated circuit are respectively connected 
to terminal parts formed on the transparent substrate SUB1, 
while the input terminals of the semiconductor integrated 
circuit are respectively connected to terminal parts on a 
printed circuit board which is disposed close to the 
transparent substrate SUB 1 . 

«Co nst rue ti on of Pi x e i » 

Fig. 3 is a plan view showing one pixel area surrounded 
by a pa i r of adjacent ones of the gate signal lines GL and 
a pa i r of ad j ac en t one s of the dra i n s i gn a I I i ne s DL, an d also 
shows the terminal parts GTM connected to the respective gate 
signal lines GL and the terminal parts DTM connected to the 
respective drain signal lines DL. 

Fig. 1 shows a cross-sectional view taken along line l-l 
of Fig. 3, Fig. 4 shows a cross-sectional view taken along 
line I V — I V of Fig. 3, and Fig. 5 shows a cr oss -s ect io nal view 
taken along line V-V of Fig. 3. 

Referring first to Fig. 3, the gate signal lines GL 
di sp ose d to be ex ten de d in the x d i rec t io n and to be j ux taposed 
in the y direction are formed on the I i qu i d -c r ys t al -s i de 



surface of the transparent substrate S UB 1 . 

Each of these gate signal lines GL is made of, for 
example, a two-layer structure which includes an ITO 
(Indium-Tin-Oxide) film as its lower layer and a molybdenum 
(MO) film as its upp er layer . 

Th e gat e s ig nal I i ne s GL, to ge t her w i t h t he d r ai n s i gna I 
lines DL which will be described later, surround the 
J: rectangular area, and this rectangular area is constructed 
T% as a pi xel a rea . 

JJJ A portion of each of the gate signal lines GL has an 

yj extended portion which projects into the pixel area, and this 
p ex ten ded portion has the functionof thegate electrodeof 

y 

O th e thin film t ra nsi st or TFT wh ich will be des cr i be d I at er. 

m 

Cl A count er el ect rode CT made of an ITO film is fo r me d in 

TO 

a large part of the pixel area except the periphery thereof, 
and a counter voltage signal line CL which runs through 
approximately the middle of the counter electrode CT 
approximately in parallel with the above-described gate 
signal lines GL is formed to besuperposedon theupper surface 
of the cou nt er el ect ro de CT. This c o u n te r vo I ta ge s ig na I line 
CL is made of, for example, a molybdenum film. 

For example in this embodiment, the gate signal lines 
GL, the counter electrodes CT and the counter voltage signal 
lines CL are formed by applying patterning based on a 
se le c t i v e et chi ng me th od usi ng a pho to I i t ho gra ph i c t ec hn i que 
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to the sequentiallystacked structureof an I T 0 f i I m and a 
molybdenum film that is formed on the upper surface of the 
transparent substrate SUB1. 

On the upper surface of the transparent substrate SUB1 
fo rm ed in the a bo v e- de s cr i be d mann e r , an i ns ul at i ng film Gl 
which is made of, for example, SiN is formed to a thickness 
of 100 nm to 4 tfm in such a manner as to cover the gate signal 
lines GL, the counter electrodes CT and the counter voltage 
si gn a I I in es CL . 

This insulating film Gl has the function of an 
interlayer insulating film between the gate signal lines GL 
as well as the counter voltage signal lines CL and the drain 
si gn a I I in es DL wh ic h w i I I be desc r i be d later, the f un ct i on 
of gate insulating films for the thin film transistors TFT 
whichwill bedescribed later, and the function of dielectric 
films for the capacitance elements Cstg which will be 
de sc r ib ed la ter . 

A se m ic ond uc tor I aye r AS mad e o f , for example, amorphous 
Si (a-Si) isformedontheuppersurfaceof theinsulating 
fi Im Gl in such a manner as to traverse the extended portion 
of each of the gate signal lines GL that projects into the 
pi xe I a r ea . 

This semiconductor layer AS constitutes the 
semiconductor layer of the thin film t r an s i s to r T FT , and a 
drain electrode SD1 and a source electrode SD2 are formed on 



11 



the upper surface of the semiconductor layer AS, whereby a 
reversed staggered structure MIS transistor is formed which 
uses the extended portion of the gate signal line GL as its 
ga te el e ct ro d e. 

Incidental ly, this semiconductor layer AS is formed not 
only in the region in which the thin film transistor TFT is 
formed, but is formed to be integrally extended into the 
JJ re gi on i n wh i ch the dr a in si gn a I I i ne DL to be desc r ib ed later 
% is formed. This construction is intended to strengthen the 
interlayer insulation of the drain signal line DL from the 
fi! gate signal line GL and the like. 

q Th e d ra i n el ect ro de SD 1 and th e so u r ce el ec t ro de SD 2 on 

q the semiconductor layer AS are formed at the same time as the 

§ 

Q formation of the drain signal line DL. 

fU 

Specifically, the drain signal lines DL which are 
disposed to be extended in the y direction and to be jux taposed 
in the x direction as viewed in Fig. 1 are for me d on the upper 
surface of the insulating fi Im GI (the semiconductor layer 
AS underlies the drain signal lines DL), and a part of each 
of the drain signal lines DL is formed to beextendedonto 
the upper surface of the semiconductor layer AS of the thin 
film transistor TFT and forms the drain electrode SD1. 

Th e d ra i n el ect ro de SD 2 is f or med to be spa ced a par t from 
the drain electrode SD 1 by a gap corresponding to the channel 
length of the thin film transistor TFT. 
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This source electrode SD2 is formed to be extended into 
the pixel area from above the semi conductor layer AS of the 
thin fi I m transistor TFT, and this extended portion is fo rmed 
as a part for connection to the pixel electrode PXwhich will 
be d esc r ib ed la te r . 

Th e d ra i n si gna I I in es DL , t he dra i n e I ec tr ode s SD1 and 
the source electrodes SD2 are formed of, for example, 
£ mo ly bde num (Mo) . 

5 Incidental ly, a h i gh -c o nc e nt ra t i on layer d 0 doped with 

|n an impurity is formed at the interface between a surface of 
jp the semiconductor layer AS and each of the source electrode 
q SD 2 and the drain electrode SD 1 (refer to Fig 4). This 
H hi gh -co nee nt r at io n layer d 0 functions as a contact layer of 
□ the thin film transistor TFT. 

m 

In addition, the h ig h- c on c en tr a t io n layer d 0 is formed 
at the interface between the drain signal I ines DL and the 
underlying semiconductor layer AS (refer to Fig. 1). 

Th e p ix e I el ect ro de PX ma de of , fo r ex amp le , an I TO film 
is formed in the central portion of the pixel area on the 
insulating film Gl except the periphery thereof (that 
includes the area in which the thin f i I m tr ans is tor TFT is 
fo rm ed) . 

Fo r exa mpl e in this em bod i me nt , th i s p i xe I e le ct r od e PX 
is formed by plural stripe-shaped electrodes which are 
extended in the y direction and juxtaposed in the x direction 
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in the state of being superposed on the counter electrode CT , 
and one end of each of the stripe-shaped electrodes is 
connected in common to ends of the others, thereby forming 
a so-called com b- t ee th - I i ke pattern. 

The common connection portion is extended to be 
superposed on the source electrode SD2 of the thin film 
transistor TFT, thereby providing electrical connection 

pi th er ebe twe en . 

O 

ill Aprotective film PSVwhich is mad e of , for ex am p I e , SiN 

hi is formed on the surface of the transparent su bs t ra t e SU B 1 
#1 formed in the a bo ve- de s cr i be d manner. This protective film 
O PS V is provided for preventing the thin film transistor TFT 
from coming into direct contact with the liquid crystal. 

if! 

O An alignment film OR I which covers the entire area of 

iu 

the display part AR is formed on the surface of the protective 
fi Im PSV (refer to Fig. 1), and serves to determine the initial 
al ignment of a liquid crystal LC which is in direct contact 
wi th th e a I i gnm en t film 0 R I . 

As shown in Fig. 4, the black matr ix BM is formed on the 
I i qu i d- c ry st a I- LC -s i de surface of the transparent substrate 
SUB2 in such a manner as to separate each of the pixel areas 
from adjacent other pixel areas. Color fil ters FIL for colors 
corresponding to individual pixels are respectively formed 
in apertures which are respectively formed in pixel-area 
portions of the black matrix BM. 
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Another al ignment fi Im OR I which covers the en tire area 
of the display part AR is formed on the surface of the 
transparent substrate SUB2 formed in the ab o ve -d e sc r i b ed 
manner, and serves to determine the initial alignment 
di re c ti on of th e liquid c rys ta I LC which is in d i re c t co n tact 
wi th th e a I i gnm en t film 0 R I . 

Incidentally, in the above-described liquid crystal 
display device according to the embodiment of the invention, 
the pixel electrode PX is formed as the electrodes extended 
in they direction and juxtaposed in the x direction, but they 
may, of course, be formed as electrodes extended in the x 
direction and juxtaposed in the y direction. 

In addition, in this case, eachof the pixel electrodes 
PX may be formed in a zigzag shape along its longitudinal 
direction so that areas having different electric field 
di rections can be formed in one pixel are a. This construction 
is called amulti domain scheme in which color tone ca n b e 
prevented from varying when the display area AR is viewed in 
different d i r ec t i o ns . 

In addition, in the ab ove -de sc r ibe d liquid crystal 
display device, theunderlying I TO film isformed in to the 
co un t er el ec t ro de CT and the over I y i ng IT 0 film is for me d into 
the pixel electrode PX , but it goes without saying that the 
underlying ITOfilm is formed into the pixel electrode PXand 
the overlying I TO fi Im is formed into the counter electrode 
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CT. 

In addition, the c om b- t ee t h- I i k e pixel el ec t ro de PX (or 
the counter electrode CT) formed as an overlying layer is not 
limited to the ITO film, and may, of course, be formed of an 
opaque material such as a metal layer. 

Furthermore, although the ITO film is used as a 
transparent material, it goes without saying that, for 

% example, an I ZO ( I nd i u m-Z i nc -0 x i de ) film may be used. 

5 

iy Q «Li qui d C ry s ta l>> 

m The liquid crystal LC has a positive or negative 

¥> 

ill dielectric anisotropy and a resist ivity of, for example, 1.0 

© x 10 10 Q»cm or more and 5.0 x 10 13 Q»cm or less. 

P Th e I iq u id c r ys ta I LC con t ai ns I iq u i d c ry st a I mo I ec u I es 

Hi 

Cj each of which has, for example, a d i f I uor ob enz en e structure 
in i tse I f. 

In this case, the liquid crystal LC may also contain 
liquid crystal molecules each of which has a d i cyan obe nz ene 
st ru ctu re in it se I f. 

In addition, the liquid crystal LC may also contain 
liquid crystal molecules each of which has a d i f I uo r ob en z ene 
structure in itself, as well as liquid crystal molecules each 
of which has a di cya no ben zen e structure in itself. 

In addition, the liquid crystal LC may also contain 
liquid crystal molecules each of which has a 
mo no cya noc yc I oh ex ane structure in itself. 
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In addition, the liquid crystal LC may also contain 
liquid crystal molecules each of which has a 
mo no cya noc yc I oh ex a ne s t ru c tu re in i tse I f, as we I I as liquid 
crystal molecules each of which has a d i f lu oro be nze ne 
st ru c tu r e in i t se I f . 

It has been confirmed that the liquid crystal LC having 
su ch a com po s i t io n a 1 1 ows its i oni c im pur i t i es to be abs o rbed 
in to the alignment films ORI (which wi II be described later) 
in relation to the alignment films ORI to such an extent that 
a display defect due to image retention can be fully solved. 

« A I i gn men t F i I m>> 

Each of the alignment films ORI is formed to a thickness 
of 40 nm to 300 nm, and at least the alignment film ORI formed 
on the transparent substrate SUB1 is made of a material having 
uniaxial orientation properties and contains a diamine 
structure which traps ionic impuri ties. 

The reason why the material having uniaxial orientation 
properties is used is that such material is highly effective 
in preventing so-cal led AC image retention. From this fact, 
it is a p pa rent that the material need not necessarily have 
uniaxial orientation properties for the purpose of achieving 
only the theme of the invention which solves image retention 
du e to i on ic im pu r i t i e s . 

It has also been confirmed that such alignment film that 
contains the above-described d i ami ne structure has the nature 
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of absorbing (trapping) ionic impurities, thereby greatly 
re st r ai n in g t he occurrence of i mag e re t en t i on du e to t he ionic 
im pu r i t i es . 

In the liquid crystal display device having the 
above-described construction, as shown in Fig. 6, the 
electric field strengths at the fringes of, for example, the 
comb-teeth like pixel electrode PX are strong, and in these 
portions, drifts of ionic impuriti es easi ly occur. However, 
since the ionic impurities can be fully absorbed by the 
alignmentfilmORI, it ispossible to res train the occurr ence 
of the image retention due to the ionic impurities. 

The abo ve- de scr ib ed diamine structure is expressed by 
the fol lowing chemical formula (1) or (2): 
( Ch emi cal Formula 1) 




■ ■ ' ( 1 ) 



( Ch emi cal Fo rm ul a 2 ) 




( Ch emi cal Formula 3) 




■ ■ - (3) 



(Ch emi cal Formula 4) 
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•»2 N — % } NH 2 ■ • ■ (4) 

Materials having these diamine structures can also be 
used in mixed form, and in the case of the mixture of the 
ma te r ia I (s ) exp re s se d by t he chemi c a I f or mu I a (1 ) and/ or the 
chemical formula (2) and the mater ial(s) expressed by the 
chemical formula (3) and/orthe chemical formula (4), good 
re su I ts ca n be ob t ai ne d by mak i ng t h e p ro po r t i on of th e former 
ma te r ia I (s) 30 to 70%. 

By using such alignment film ORI, it is possible to 
ac hi eve th e a dv an t ag es th a t th e AC i ma ge re t en t i on b ec om e s 
8 % or less and that ionic image retention is not observed 
after pixels have been turned on for two minutes. 

In this case, if the ionic image retention is observed 
by using a P r i t ch a rd -m a de luminance meter PR-900 , it can be 
confirmed that the ionic image retention strength becomes 3 
or I ess or 2 or I ess . 

It goes without saying that the alignment film ORI 
having such a construction can be similarly formed on the 
transparent substrate SUB 2 . 

As is apparent from the foregoing description, in the 
liquid crystal display device according to the invention, it 
is possible to restrain the occurrence of ionic image 
re te n ti on. 
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